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1. 

METHOD, APPARATUS AND COMPUTER 
PROGRAMI PRODUCT FOR ORGANIZING 

HERARCHICAL INFORMATION 

BACKGROUND 

1.Technical Field of the Present Invention 
The present invention generally relates to the presentation 

of hierarchical information, and more specifically to the orga 
nization of the hierarchical information prior to the presenta 
tion. 

2. Description of Related Art 
Consumers receive hierarchical information from numer 

ous sources such as Automated Voice Response Systems 
(AVRS) and search engine query results. In general, AVRS 
are used by industries (e.g., travel, finance, health care, and 
the like) to direct customer inquiries to the appropriate areas 
of expertise while reducing the headcount for the overall 
infrastructure of customer Support. 
The number of companies with sophisticated business 

operations (e.g., communications, computer Support and the 
like) that are increasingly relying on AVRS to improve pro 
ductivity at call centers is skyrocketing. It has become crucial 
for them to develop an efficient AVRS that routes calls 
according to their business objectives while maintaining cus 
tomer satisfaction. 

Customer's satisfaction with an AVRS is directly related to 
the amount of time they spend on the system prior to receiving 
the appropriate automated activity or individual. The total 
amount of wait time can often be attributed to the complexity 
and efficiency of the AVRS design. 

Currently, the design effort for much of the AVRS is done 
manually and fails to assign weights to routing areas. In 
addition, these AVRS lack the ability to dynamically adjust 
their routing areas according to the demand (e.g. most sys 
tems just introduce a quick message at the beginning of reach 
ing the AVRS and leave the routing system unmodified (e.g. 
mail server 1023 is currently unavailable). These current 
design methodologies are error prone and inconsistent in their 
implementations. 

It would, therefore, be a distinct advantage if the presenta 
tion of hierarchical information to the consumer would be 
organized according to the priorities of the business while 
maintaining efficiency of design so as to minimize the time 
required by the consumer to achieve his intended result. It 
would be further advantageous if the organization of the 
information could be dynamically modified according to 
demand. 

SUMMARY OF THE PRESENT INVENTION 

In one aspect, the present invention is a method of orga 
nizing hierarchical information for a service. The method 
includes the step of organizing the hierarchical information 
into groups and end-items. The method also includes the step 
of determining potential combinations, according to an 
objective function, of the groups and end-items that imple 
ment the service. In addition, the method includes the step of 
selecting the potential combination that has the best objective 
function value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be better understood and its 
advantages will become more apparent to those skilled in the 
art by reference to the following drawings, in conjunction 
with the accompanying specification, in which: 
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2 
FIG. 1 is a diagram illustrating an example of a hierarchical 

organization that can be used for a portion of an audible AVRS 
of a travel agency; 

FIG. 2 is a diagram illustrating an alternative implementa 
tion for the hierarchical organization structure of FIG. 1; 

FIGS. 3 and 4 are diagrams representing an example of 
hierarchical organizations that can be implemented by an 
AVRS: 

FIG. 5 is a flow chart illustrating a method for organizing 
hierarchical information according to a preferred embodi 
ment of the present invention; 

FIG. 6 is a flow chart illustrating a method for performing 
the heuristic algorithm of FIG.5 according to the teachings of 
the preferred embodiment of the present invention; 

FIG. 7 is a flow chart illustrating a method for the hierar 
chical solution of FIG. 6 according to the teachings of the 
preferred embodiment of the present invention; 

FIG. 8 is a flow chart illustrating a method for monitoring 
and altering the hierarchical organization of an AVRS accord 
ing to the teachings of a preferred embodiment of the present 
invention; and 

FIG. 9 is a block diagram illustrating a computer system 
that can perform the hierarchical organization method 
explained in connection with FIGS. 5-8. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT OF THE PRESENT INVENTION 

The present invention is a method, apparatus, and com 
puter program product for organizing information in a hier 
archical sequence according to weighted priorities. 

In a preferred embodiment of the present invention, an 
AVRS uses weighted priorities for organizing the presenta 
tion of hierarchical information and includes the ability to 
dynamically re-organize the organization according to actual 
demand. 

In an alternative preferred embodiment of the present 
invention, a search engine uses weighted priorities for orga 
nizing the manner in which the search results are displayed 
and includes the ability to dynamically adjust the search 
results according to actual viewing or hits. 

In general, selectable hierarchical information can be com 
municated to a user audibly (e.g., voice, music, tones), visu 
ally (e.g., computer monitor, kiosk, wireless laptop, televi 
Sion, P.D.A., cellphone), or sensory (e.g., vibration, Braille). 
The user can indicate his selection through various input 
devices such as audio, visual and/or mechanical. 

Preferred Embodiment (AVRS) 

A typical AVRS audibly communicates possible selections 
to a user who can indicate his selection by pressing a corre 
sponding number on the pad of a device Such as a telephone. 
An example of a portion of Such a system is explained in 
connection with FIG. 1 below. 

Reference now being made to FIG. 1, a diagram is shown 
illustrating an example of a hierarchical organization 100 that 
can be used for a portion of an audible AVRS of a travel 
agency. The hierarchical organization 100 includes attribute 
groups 101-104, and end-items 110-114. Attribute group 101 
represents the main entry point for reservations in the AVRS 
and includes the audible informational prompt “For Reserva 
tions, press 1'. If the customer presses “1” they are presented 
with attribute groups 102 and 104 having audible informa 
tional prompts “For Domestic Reservations, Press 1 and 
“For International Reservations, Press 2', respectively. 
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End-items 110-114 are part of the attribute group 102 and 
include audible informational prompts “To check the status of 
an existing domestic reservation, Press 1'. “To change an 
existing domestic reservation, Press 2', and “To create a new 
domestic reservation, Press 3, respectively. 

This type of hierarchical tree-like structure is referred to 
hereafter as routing since it routes or guides the customer 
through the hierarchy to find the desired service or other item. 

Reference now being made to FIG. 2, a diagram is shown 
illustrating an alternative implementation for the hierarchical 
organization structure 100 of FIG. 1. The organizational 
structure of FIG. 2 is based upon the realization that both 
end-items 110 and 112 concern an existing domestic reserva 
tion. More specifically, group attribute 206 with informa 
tional prompt “For existing domestic reservations, Press 1 
has been inserted as a member of group attribute 102 and as a 
parent of end-items 110 and 112. 

Whether the routing suggested by FIG. 1 is preferable to 
the alternative routing of FIG. 2 depends on the underlying 
parameters and objective of the organization providing the 
service. For example, one business objective in designing the 
AVRS routing may be to minimize the average time that a 
customer waits before pressing the button leading to the 
desired service. However, the organization providing the Ser 
Vice and designing the routing may have a preference for low 
wait times on certain services (e.g., those leading to higher 
profits). Consequently, the objective may be to minimize the 
weighted average customer waiting time where the weights 
are chosen to reflect the importance (as perceived by the 
organization) of the service desired by the customer. 

Reference now being made to FIGS. 3 and 4, each are 
diagrams representing an example of hierarchical organiza 
tions 300 and 400 that can be implemented by an AVRS. 
Hierarchical organization structure 300 includes attribute 
groups 301, A302 and B 304 and end-items 1-8 (FIG. 3). 
Hierarchical organization structure 400 includes attribute 
groups 401, C 402 and D 404 and end-items 1-8. 

For this example, it can be assumed that the informational 
prompts for attribute groups A302, B304, C402, D 404, and 
end-items 1-8 each take one second to prompt, and further 
presume that each of the end-items 1-8 is equally important 
from the perspective of the organization providing the Ser 
vice. In this case, the hierarchical organization (routing) 300 
of FIG. 3 is preferable to the hierarchical organization 400 of 
FIG. 4. 

Ignoring the time it takes the customer to respond, the time 
to reach the Nth end-item 1-8 according to the design of FIG. 
3 is 2, 3, 4, and 5 seconds for N=1,2,3, and 4 respectively, and 
3, 4, 5, and 6 seconds for N=5, 6, 7, and 8, respectively. The 
average time for reaching an Nth end-item in the hierarchical 
design 300 is four seconds (2+3+4+5+3+4+5+6/8). For 
example, a customer that desires to reach end-item 7 must 
wait one second each for attribute groups A302, B302, and 
end-items 5, 6, and 7 informational prompts to be presented 
for a total of five seconds. 

Again, ignoring the time it takes a customer to respond, the 
time taken to reach the Nth end-item is 2, 3, 4, 5, 6, and 7 for 
N=1,2,3,4, 5, and 6, respectively and 3 and 4 for N=7 and 8. 
respectively for an average time of 4.25 seconds (2+3+4+ 
5+6+7+3+4/8) for the hierarchical organization 400 (FIG. 4). 
The hierarchical organization 300 is more effective 

because the end-items 1-8 are spread more evenly (balanced) 
in attribute groups A 302 and B 304 when compared to 
attribute groups C 402 and D 404 (FIG. 4). 
The hierarchical organization (routing design) can be 

solved mathematically. For purposes of illustration, but not 
limitation, the initial description of the problem is formulated 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
primarily from the perspective of an AVRS application. The 
end-items i in set I represent atomic prompts which connect 
the customer (or other end user) directly to the service they 
desire. These end-items can be thought of as “leaves' at the 
bottom of a tree-like structure. An end-item can be a member 
of one or more attribute groups. 
An attribute group is a parent of a set of end-items and/or 

other attribute groups. All non-end-item nodes in the hierar 
chical structure are attribute groups. Attribute groups may be 
defined according to a variety of characteristics such as geog 
raphy, time, form, function, categories, or Sub-categories of 
product or particular service. A conventional math program 
ming formulation is provided below in a form familiar to 
those practiced in the art (i.e. definitions of Subscripts, input 
data, decision variables, objective, and constraints of the 
problem). 

Subscripts: 
i: Subscript for end-item (leaf) service types/prompts 
g: Subscript referencing a collection of service types which 

may be grouped into an 
attribute group. note: g includes a "dummy’ root grouping 

applicable to all services 
n: Subscript for nodes which may be end-items or groups 
k: Subscript indicating the ordinal position of a prompt 

(node) in a series of prompts 
(for example, in FIG. 1, attribute group 114 is in the 3" 

ordinal position since it follows attribute groups 110 & 112) 
f: Subscript for a node earlier than the kth positionata given 

hierarchical level 
h: Subscript indicating the hierarchical level of a prompt in 

the AVRS routing 
(for example, in FIG. 1, attribute groups 101 and 102, and 

end-item 112 are at levels 1, 2, and 3, respectively) 
Input Data: 
I: set of all (atomic) end-items i 
G: Set of all potential attribute groups g 
N: set of all nodes in a potential routing hierarchy=Union 

of sets I and G 
D.: relative demand for requests of end-item i 
C.: cost per unit time of a customer requesting end-item i 
(used to indicate some service requests should be satisfied 

more quickly than others) 
TS: time to ask the customer whether they want end-item 

in or to select attribute group in 
TR: average time for a customer to select and respond to a 

prompt (after hearing and/or reading it) 
S-1 if end-item in or attribute group n may be differenti 

ated according to attribute groupg 
in other words, this indicates if node n may have attribute 

group gas a parent in the routing 
note that this includes the possibilities of attribute groups 

as members of attribute groups (e.g., group of cities in VT; 
group of States in U.S.; group of countries in N. America) 

note also that S-1 when ng 
=0 otherwise 
Decision Variables: 
Y-1 if end-item nor attribute group n is the kth prompt 

at hierarchical prompt level h 
=0 otherwise 
Objective Function: Minimize total cost weighted average 

waiting time: 

Where decision variable TT, total time a customer spends 
on the AVRS call to get to end-item i 

Note: since X, D, is a constant, it is convenient to mini 
mize the equivalent objective: Minimize: X. C*D, TT, 
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Constraints: 
(i) Only one prompt at a time: X, Y,<=1 for all k, h 
(ii) Each end-item prompt is covered: XX, YP-1 for all 

i in I 

(iii) Path to each node: X, Y,<-S*X, Y, for all h; 5 
all n in N: for some g in G 

(iv) Accumulate times: TTP-Yi*ITT-TR-X, 
X, wTS,Y, for all k, h, n 

(v) Binary Constraint: Y are all binary variables (0 or 1) 
Reference now being made to FIG. 5, a flow chart is shown 10 

illustrating a method for organizing hierarchical information 
according to a preferred embodiment of the present invention. 
The process begins by analyzing the size and complexity of 
the routing problem to see if it exceeds a predetermined size 
(Step 500). In the preferred embodiment, this is accomplished 15 
by comparing a weighted length to a predetermined size 
(parameter1). The weighted length is equal to I length (the 
number of elements in the set of end-items I)+attribute 
weighting multiplied by G. length (the number of elements 

in the set of possible attribute groups G). 2O 
In the preferred embodiment of the present invention, the 

attribute weighting variable is a number that is larger than 
unity since the number of possible attribute groupings influ 
ences problem size and complexity more than the number of 
end-item prompts. The value of parameter1 should be chosen 25 
so that the process will execute in a reasonable duration of 
time. Generally speaking, the larger the value of parameter1 
the longer the execution time and the better the resulting 
routing design. 

If the weighted length is less than parameter1, then the 30 
problem is considered Small and enumeration is used (Step 
502); otherwise a heuristic algorithm is used (Step 508 as 
explained in greater detail in connection with FIG. 6). 

Enumeration is used to enumerate all possible combina 
tions of attribute groupings and to select the best combination 35 
(i.e., the routing that will minimize the total cost as defined in 
the objective function) (Step 502). The objective function can 
be to minimize total weighted average customer waiting time 
(as expressed above) or it can be an alternative objective 
function. In the travel reservation example, enumerating all 40 
possible combinations of attribute groupings would include 
examination of the value of the objective function in the event 
that the hierarchical organization 100 of FIG. 1 is selected and 
examining the value of the objective function in the event that 
the hierarchical design 200 of FIG. 2 is selected. 45 

The cost or value of the object function will determine the 
selection of the combination (Step 503). In the present 
example, the grouping that results in the best objective func 
tion value will determine the hierarchical organization 100 or 
200 that is selected. It should be noted, that only feasible 50 
combinations are enumerated. If any combination of group 
ings results in more than a predetermined number (param 
eter2) of prompts at a given level of the hierarchy, it is not 
considered feasible. 

In the AVRS preferred embodiment, the value of param- 55 
eter2 may be set to nine since there are nine single digit 
nonzero numbers on most telephones. In the context of a 
visual display (e.g. on a PD.A.), it may (or may not) be 
desirable to have a value of parameter2 that limits groupings 
to those that can be entirely displayed and viewable on a 60 
single screen without Scrolling. 
A step of the enumeration can result in a list of prompts 

(nodes) that can be invoked together at a given level of the 
hierarchy. In this case, these nodes are sorted in ascending 
sequence of the node's service time/node denominator (Step 65 
504). In the case of a node being an end-item prompt, its 
service time is Tsi and its denominator is demand frequency 

6 
multiplied by its cost of waiting (DiC). In the case of a node 
being an attribute group, its service time is TSg and its 
denominator the sum of (DiCi) summed over all end-item 
prompts i underneath (i.e., leaf descendants of) that attribute 
grOup g. 

Reference now being made to FIG. 6, a flow chart is shown 
illustrating the method for performing the heuristic algorithm 
of FIG.5 according to the teachings of the preferred embodi 
ment of the present invention. The heuristic algorithm begins 
with determining an initial simple solution by sorting the 
end-item prompts into the same ascending sequence as deter 
mined for a small problem as previously described in connec 
tion with FIG. 5 (Step 504). 

In addition, the cost associated with the simple solution is 
also determined. If the number of end-items exceeds param 
eter2, then the cost of the simple solution is set to infinity (in 
practice, infinity is approximated by a large number); other 
wise, in the preferred embodiment, the cost of the simple 
solution is determined by the equation (Step 600): 

cost of simple Soln 
XE C, D, X-1, TS atonic elements i in sinpie soiution 

The heuristic algorithm continues by determining whether 
or not it is possible to create a hierarchical organization from 
the end-items (Step 602). If there are combinations of group 
ings that will create a feasible hierarchical organization, then 
a hierarchical organization Solution is processed (Step 604 as 
explained in greater detail in connection with FIG. 7 below); 
otherwise the simple solution and its accompanying cost are 
used as the solution to the routing design problem (Steps 620 
and 622). 

After the hierarchical organization solution has been deter 
mined, the heuristic algorithm continues by determining the 
cost of the hierarchical organization found according to the 
objective function in a fashion similar to that explained in 
connection with the cost of the simple solution of FIG.5 (Step 
605). 
The heuristic algorithm continues by determining whether 

the simple solution has a lower cost than the hierarchical 
organization solution (Step 606). If the simple solution is less 
costly, then the simple solution and its accompanying cost are 
used as the Solution to the routing design problem and the 
process ends (Steps 620 and 622); Otherwise, the hierarchical 
Solution and its cost are used as the solution to the routing 
design problem and the process ends (Steps 610 and 622). 

Reference now being made to FIG. 7, a flow chart is shown 
illustrating the method for the hierarchical solution of FIG. 6 
according to the teachings of the preferred embodiment of the 
present invention. The hierarchical Solution processes the 
problem from the top of the hierarchy and proceeds down 
wards. In other words, the method first determines the 
prompts to provide to the customer at the top level of the 
hierarchy and proceeds downwards to deeper levels. 
The hierarchical Solution begins by selecting a set of 

attribute groups that are of approximate equal size at this top 
level of the hierarchy. In example, the balanced set of hierar 
chical grouping (302 and 304) of FIG. 3 would be selected 
over the set of alternative hierarchical grouping (402 and 404) 
of FIG. 4. More precisely, the hierarchical solution will find 
the set s of nodes (to be used at the current level of the 
hierarchy) which has the largest value of 
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(ratio size)"/ratio prompts /balance group size 
evenness and #prompts 

where 

ratio size=(MIN, X, is C, D, T.S.) 

f 

(MAX, X. giras is.t. Sig= 

ratio prompts.(TR+2, s.t. Sing-1 forgins and now s.t. 
Snw"Swg=1 for w not n or gT.S.) 

/MAX. (TRS, s.t. Sng-1 forgins and now s.t. Sny"Swg-1 for 
w not n or gT.S.) 

and factor is chosen to balance the importance of even sizes 
vs. number of prompts 
The factor should be more (less) than unity if evenness is 

more (less) important than minimizing the number and dura 
tion of the prompts of a set 

S.t. 

X , , , S-1 for all i in list //i.e. all services covered 
and S is chosen so that there are less than parameter2 

number of values is.t. 

S-1 for gins and there is now s.t. S*S. 1 for w not 
equali org 
The ratio size indicates the degree of conformity of 

attribute group size within a set, and is calculated as the ratio 
of the number of end-items in the sets attribute group with 
the fewest end-items as compared to the number of end-items 
in the attribute group with the most end-items (i.e. Smallest to 
largest). 

In example of the above process, the set of attribute groups 
in FIG. 3 would have a ratio size of unity (4/4) while the 
ratio size of the set of attribute groups in FIG. 4 would have 
a ratio size of 0.33 (2/6). Thus, sets of attribute groupings 
with high size ratios (balanced sets) are favored in this pro 
cess. The formula also favors sets that do not require the 
customer to listen to many long duration prompts or scan 
through a long list of end-items. This is indicated by the 
ratio prompts which is essentially the ratio of the service 
time weighted number of prompts in the set to the highest 
service time weighted number of prompts of any feasible set 
examined. In calculating ratio prompts, only those prompts 
of a set at the current level of the hierarchy are considered. 
The value of ratio prompts is unity for the worst set in this 

respect (i.e. the set with many and long duration prompts) and 
between Zero and unity for the others. The ratio size is also 
between Zero and unity. 

At a given hierarchical level, the preferred embodiment 
selects the set that has the highest value of ratio size" 
divided by ratio prompt. The factor is a parameter used to 
balance the desire to have equal size groups with the desire to 
have few and short prompts. A factor of unity weights the two 
elements equally while a factor above unity favors the equal 
ity of size and a factor below unity favors the number and 
duration of the prompts. Finally, the "s.t.” (such that) element 
in the above formula ensures that only sets which cover all 
services and a limited number prompts are considered (i.e., 
only feasible sets). 

After a set of attribute groups has been selected for a given 
level of hierarchy, the prompts of the deeper levels of the 
overall hierarchy are determined. Specifically, the routing 
organization underneath each of the current level prompts is 
processed by invoking the heuristic algorithm of FIG. 6 recur 
sively by passing it a Sub-problem which consists only of 
those end-items contained as descendants of each current 
level prompt and their correspondingly applicable potential 
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8 
attribute groupings. That is, for each group g a member of 
chosen sets, heuristic algorithm will receive a set of all 
services i such that S-1 and a set of groups w s.t. S-1 for 
some i in the set of services and there is nois.t. S-1 for j not 
in the set of services (Step 702). 
The Subgroups are sorted in the manner Suggested by the 

above discussion concerning step 504 and the process ends 
(Steps 704 and 706). 

In addition to the core algorithm Summarized above, the 
preferred embodiment includes a monitoring method. This 
method measures actual customer AVRS activity on a real 
time basis. The purpose of this monitoring is to determine 
whether or not a fundamental (although perhaps temporary) 
shift has occurred in the underlying customer demand fre 
quencies. Such shifts will cause a re-execution of the core 
algorithm with more recent demand activity weighted more 
heavily and a new AVRS routing instituted automatically. 

For example, an airport shutdown may result in increased 
demand for "change existing reservation', and thus, this 
prompt may be sequenced earlier in the revised routing. Other 
examples of events triggering demand changes include reac 
tions to: news events, advertisements/promotions (including 
those of competitors), editorials, time of day, day of year, etc. 
In addition to updating the AVRS routing, human intervention 
can occur when appropriate. It should be noted, that the 
monitoring aspect of the preferred embodiment is extremely 
powerful when combined with the core algorithm so that new 
routings may be determined quickly and automatically based 
on real time changes in demand. 

In addition, the underlying demand distributions may be 
globally applicable or tailored to a set of clients. For example, 
Europeans may have a different demand frequency pattern 
than Americans, and thus, should be provided with a different 
AVRS routing (i.e., different hierarchical sequence of 
prompts). In an extreme form, the AVRS could be tailored to 
an individual based heavily on the individuals history but 
also reflective of the broader customer population. 

Reference now being made to FIG. 8, a flow chart is shown 
illustrating a method for monitoring and altering the hierar 
chical organization of an AVRS according to the teachings of 
a preferred embodiment of the present invention. The method 
begins by monitoring the real-time stream of customer 
demands using the statistical “t test” which is a well known 
and understood process, and therefore, further discussion 
deemed unnecessary. The “t test” is used for testing the null 
hypothesis that no significant change has occurred in the 
underlying mean frequency of each demand type (Step 800). 

If the result of the “t-test” indicates that the null hypothesis 
should be rejected, then the method proceeds to re-calculate 
the hierarchical organization; otherwise the method ends 
(Step 820). 
The recalculation begins by estimating the point in time 

when the new demand stream became apparent and calculat 
ing new demand frequencies that can be weighted more 
heavily toward recent demands, particularly those occurring 
since the point in time when the new demand stream became 
apparent (Step 804). 

Optionally, the method can send a notification message to 
a consumer analyst that the demand frequency has changed 
(Step 806). 
The method proceeds by recalculating the hierarchical 

organization with the new weights according to the method 
described in connection with FIG. 5 (Steps 808 and 820). 
Depending on the rules, this can be done automatically, upon 
specific approval, or only for selected customers. For 
instance, customers who have used the prior routing hierar 
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chical structure may prefer to leave this structure intact, since 
they are accustomed to the old routing. 

Alternative Preferred Embodiment (Search Engine) 

In an alternative preferred embodiment of the present 
invention, the hierarchical organization method is applied to 
a search engine Such as a web or catalog search engine. 
Specifically, the search engine results can be organized using 
the organization and sequence method described above in 
connection with the routing method of FIG. 5. 
The mathematical variables associated with FIG. 5 have 

been reformulated as noted below to represent the search 
engine embodiment: 

I: set of all end items that can be displayed to the user 
(“items' may be web site links from a search engine Such as 
GoogleTM or sales items from an online commerce catalog 
such as AmazonTM as examples). In contrast to an AVRS 
where every desired service (end-item) must be reachable, the 
search engine does not need to provide all possible end-items 
implied by the search query. Consequently, I represents the 
set of end-items which the search engine provider desires to 
make displayable to the user (i.e., items with very low likeli 
hood of demand can be ignored). 

G: Set of all attribute groups. Attribute groups can be 
defined through manual categorization or determined auto 
matically by finding similarities among the end-items. The 
similarities can be based partially upon similar and/or iden 
tical keywords (or meanings of keywords) shared among 
end-items, or based upon frequency of pairs of end-items 
selected/clicked historically. 

D.: relative demand for requests of end-item i (based on 
historical frequency of request or other search engine-like 
techniques such as number of web sites which link to end 
item i) 

C.: cost per item displayed (e.g., for a search engine this can 
be unity for all items, and for catalog this figure may reflect 
the book's profit margin) 
TS: time for the customer to read end-item i (this can be 

based on the number of characters in the node which may be 
a book or category of books as examples) 

TR: time for the user to click and wait for a response to his 
or her click (this time begins when the user becomes mentally 
aware of which item he wants to select, continues through the 
click and new display on the screen, and concludes when the 
browser or other mechanism begins waiting for new user 
input). 
S is mapped in a similar manner to the determination of 

the set of all attribute groups G. 
The search engine embodiment provides the above infor 

mation to the routing algorithm FIG. 5 after receiving the 
search criteria from the customer/user and conducting its 
existing art search. Subsequently, the resulting hierarchical 
organization is displayed to the customer/user. 

It should be noted, that the displayed information can be a 
mixture of hierarchical and nonhierarchical information 
which may or may not be separated and distinct. 

Reference now being made to FIG. 9, a block diagram is 
shown illustrating a computer system 900 that can perform 
the hierarchical organization method explained in connection 
with FIGS. 5-8 above. Computer System 900 includes vari 
ous components each of which are explained in greater detail 
below. 

Bus 922 represents any type of device capable of providing 
communication of information within Computer System 900 
(e.g., System bus, PCI bus, cross-bar Switch, etc.) 
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10 
Processor 912 can be a general-purpose processor (e.g., the 

PowerPCTM manufactured by IBM or the PentiumTM manu 
factured by Intel) that, during normal operation, processes 
data under the control of an operating system and application 
software 910 stored in a dynamic storage device such as 
Random Access Memory (RAM) 914 and a static storage 
device such as Read Only Memory (ROM) 916. The operat 
ing system preferably provides a graphical user interface 
(GUI) to the user. 
The present invention, including the alternative preferred 

embodiments, can be provided as a computer program prod 
uct, included on a machine-readable medium having stored 
on it machine executable instructions used to program com 
puter system 900 to perform a process according to the teach 
ings of the present invention. 
The term “machine-readable medium' as used in the speci 

fication includes any medium that participates in providing 
instructions to processor 912 or other components of com 
puter system 900 for execution. Such a medium can take 
many forms including, but not limited to, non-volatile media, 
and transmission media. Common forms of non-volatile 
media include, for example, a floppy disk, a flexible disk, a 
hard disk, magnetic tape, or any other magnetic medium, a 
Compact Disk ROM (CD-ROM), a Digital Video Disk-ROM 
(DVD-ROM) or any other optical medium whether static or 
rewriteable (e.g., CDRW and DVD RW), punch cards or any 
other physical medium with patterns of holes, a program 
mable ROM (PROM), an erasable PROM (EPROM), electri 
cally EPROM (EEPROM), a flash memory, any other 
memory chip or cartridge, or any other medium from which 
computer system 900 can read and which is suitable for 
storing instructions. In the preferred embodiment, an 
example of a non-volatile medium is the Hard Drive 902. 

Volatile media includes dynamic memory such as RAM 
914. Transmission media includes coaxial cables, copper 
wire or fiber optics, including the wires that comprise the bus 
922. Transmission media can also take the form of acoustic or 
light waves, such as those generated during radio wave or 
infrared data communications. 

Moreover, the present invention can be downloaded as a 
computer program product where the program instructions 
can be transferred from a remote computer such as server 939 
to requesting computer system 900 by way of data signals 
embodied in a carrier wave or other propagation medium via 
network link 934 (e.g., a modem or network connection) to a 
communications interface 932 coupled to bus 922. 

Communications interface 932 provides a two-way data 
communications coupling to network link 934 that can be 
connected, for example, to a Local Area Network (LAN), 
Wide Area Network (WAN), or as shown, directly to an 
Internet Service Provider (ISP) 937. In particular, network 
link 93.4 may provide wired and/or wireless network commu 
nications to one or more networks. 

ISP 937 in turn provides data communication services 
through the Internet 938 or other network. Internet 938 may 
refer to the worldwide collection of networks and gateways 
that use a particular protocol. Such as Transmission Control 

Protocol (TCP) and Internet Protocol (IP), to communicate 
with one another. ISP937 and Internet 938 both use electrical, 
electromagnetic, or optical signals that carry digital or analog 
data streams. The signals through the various networks and 
the signals on network link 934 and through communication 
interface 932, which carry the digital or analog data to and 
from computer system 900, are exemplary forms of carrier 
waves transporting the information. 

In addition, multiple peripheral components can be added 
to computer system 900. For example, audio device 928 is 
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attached to bus 922 for controlling audio output. A display 
924 is also attached to bus 922 for providing visual, tactile or 
other graphical representation formats. Display 924 can 
include both non-transparent Surfaces, such as monitors, and 
transparent Surfaces, such as headset Sunglasses or vehicle 
windshield displays. 
A keyboard 926 and cursor control device 930, such as 

mouse, trackball, or cursor direction keys, are coupled to bus 
922 as interfaces for user inputs to computer system 900. 
The execution of application software 910 on computer 

system 900 implements the hierarchical organization as 
explained above in connection with FIGS. 5-8 and is prefer 
ably programmed in Java and/or C/C++. It should be noted 
and understood by those of ordinary skill in the art, however, 
that the present invention is not limited to the above imple 
mentation and is independent of any computer/system archi 
tecture. Accordingly, the present invention may equally be 
implemented on other computing platforms, programming 
languages and operating systems, and also may be hardwired 
into a circuit or other computational component. 

It is thus believed that the operation and construction of the 
present invention will be apparent from the foregoing 
description. While the method and system shown and 
described has been characterized as being preferred, it will be 
readily apparent that various changes and/or modifications 
could be made without departing from the spirit and scope of 
the present invention as defined in the following claims. 
What is claimed is: 
1. A computer-implemented method of organizing hierar 

chical information for a service, the method comprising: 
organizing, by a computing device, the hierarchical infor 

mation into combinations of attribute groupings com 
prising of node attribute groups and node end-item 
prompts; 

Sorting, by said computing device, said combinations of 
attribute groupings in an ascending sequence based on: 
end-item prompt node values equal to end-item prompt 

node service time values divided by a product of end 
item prompt node demand frequency values and end 
item prompt node cost of waiting values; and 

attribute group node values equal to attribute group node 
service time values divided by a sum of all of said a 
products of end-item prompt node demand frequency 
values and end-item prompt node cost of waiting val 
ues that descend from each attribute group node; 

determining, by said computing device, according to an 
objective function, potential combinations of the com 
binations of attribute groupings that implement the ser 
vice; and 

Selecting, by said computing device, a potential combina 
tion of said potential combinations that has a best objec 
tive function value based on a relationship between: 
a ratio of a number of end-item prompts in one potential 

attribute group set with a least number of end-item 
prompts as compared to a number of end-item 
prompts in another attribute group set with a greatest 
number of end-item prompts; and 

a ratio of service time weighted number of prompts in 
the set to the highest service time weighted number of 
prompts of any feasible set, 

where said objective function comprises minimizing a total 
weighted average customer waiting time. 

2. The method of claim 1, further comprising: 
assigning, by said computing device, each of the potential 

combinations a value that reflects their placement within 
the other potential combinations according to the objec 
tive function. 
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3. The method of claim 1 wherein the service is an auto 

mated response service. 
4. The method of claim 1 wherein the service is a search 

engine. 
5. An apparatus for organizing hierarchical information for 

a service, the apparatus comprising: 
a processor organizing the hierarchical information into 

combinations of attribute groupings comprising of node 
10 attribute groups and node end-item prompts; 

said processor sorting said combinations of attribute 
groupings in an ascending sequence based on: 
end-item prompt node values equal to end-item prompt 

node service time values divided by a product of end 
item prompt node demand frequency values and end 
item prompt node cost of waiting values; and 

15 

attribute group node values equal to attribute group node 
service time values divided by a sum of all of said a 
products of end-item prompt node demand frequency 
values and end-item prompt node cost of waiting val 
ues that descend from each attribute group node, 

said processor determining according to an objective func 
tion, potential combinations of the combinations of 
attribute groupings that implement the service; and 

25 

said processor selecting a potential combination of said 
potential combinations that has a best objective function 

30 value based on a relationship between: 
a ratio of a number of end-item prompts in one potential 

attribute group set with a least number of end-item 
prompts as compared to a number of end-item 
prompts in another attribute group set with a greatest 
number of end-item prompts; and 

35 

a ratio of service time weighted number of prompts in 
the set to the highest service time weighted number of 
prompts of any feasible set, 

" where said objective function comprises minimizing a total 
weighted average customer waiting time. 

6. The apparatus of claim 5, further comprising: 
said processor assigning each of the potential combina 

tions a value that reflects their placement within the 
other potential combinations according to the objective 
function. 

45 

7. A computer storage medium readable by a computer 
tangibly embodying a program of instructions executable by 
said computer for performing a method for organizing hier 
archical information for a service, the method comprising: 

50 

organizing the hierarchical information into combinations 
of attribute groupings comprising of node attribute 

55 groups and node end-item prompts; 
sorting said combinations of attribute groupings in an 

ascending sequence based on: 
end-item prompt node values equal to end-item prompt 

node service time values divided by a product of end 
item prompt node demand frequency values and end 
item prompt node cost of waiting values; and 

60 

attribute group node values equal to attribute group node 
service time values divided by a sum of all of said a 
products of end-item prompt node demand frequency 
values and end-item prompt node cost of waiting val 
ues that descend from each attribute group node, 
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determining according to an objective function, potential prompts in another attribute group set with a greatest 
combinations of the combinations of attribute groupings number of end-item prompts; and 
that implement the service; and a ratio of service time weighted number of prompts in 

Selecting a potential combination of said potential combi- the set to the highest service time weighted number of 
nations that has a best objective function value based on 5 prompts of any feasible set, 
a relationship between: where said objective function comprises minimizing a total 
a ratio of a number of end-item prompts in one potential weighted average customer waiting time. 

attribute group set with a least number of end-item 
prompts as compared to a number of end-item k . . . . 


